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Mardia[M70], Anderson[A93], Seo and
Toyama[ST96] . ,
, Mardia[M70] . ,
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. , Seo and Toyama[ST96]
.


















, $c_{p}$ , $g$ , A , $\psi$
, ${}^{t}X$ $X$ . , $X$ $\mu,$ $\Lambda$ $p$
$E_{p}(\mu, \Lambda)$ . $X$ ,
$E(X)=\mu,$ $Cov(X)=\Sigma=-2\psi’(0)\Lambda$ .
, , , Contaminated normal , $t$
([K70], [M82] ).
, $X$ , ${}^{t}AA=\Lambda$ $A$
$A^{-1}(X-\mu)$ ,
$U(uU=1)$ $R$ , $A^{-1}(X-\mu)=RU$
([A84] ). , $R$ $U$ . , $X$
, $R$ $U$ . , $R^{2}$ $p$
, $- \ddot{b}^{\urcorner}(R^{2m})=2^{m}(\frac{p}{2})_{m}\equiv 2^{m}(_{2}^{E})(\frac{p}{2}+1)\cdots(\frac{p}{2}+m-1)$
.


















$+\delta is\delta jl\delta kt+\delta is\delta jt\delta kl+\delta it\delta jk\delta ls+\delta it\delta jl\delta ks+\delta it\delta js\delta kl$ .
2([HP85]). $R$ $2m$ ,
$E(R^{2m})=(-4)^{m}( \frac{p}{2})_{m}\psi^{(m)}(0)$
.
1, 2 , .
49
1( $X-\mu$ ). 0, $2m$ ,
$E[(X_{i}- \mu)(X_{j}-\mu)\cdots(X_{v}-\mu)]=(\mathcal{K}_{(m)}+1)\sum_{(d_{m})}\sigma_{ij}\sigma_{kl}\cdots\sigma_{uv}$
. , $\sigma_{ij}$ $\Sigma$ . ,
$\mathcal{K}_{(m)}\equiv,\frac{\psi^{(m)}(0)}{\{\psi(0)\}^{m}}-1$ , $d_{m}=2^{m}( \frac{1}{2})_{m}$
.
$X-\mu$ , Berkane and Bentler[BB87] , $\phi(\theta)$
, 1 .
, $\mathcal{K}(m)$ $2n\iota$ . , $m=2$














1([M70]). $X_{1},$ $\cdots$ , X \Delta .
50
$\bullet$ Multivariate coefficient of kurtosis.
$\beta_{2,p}\equiv E[\{^{t}(X-\mu)\Sigma^{-1}(X-\mu)\}^{2}]$ ,
$\bullet$ Sample measure of kurtosis.
$b_{2,p} \equiv\frac{1}{n}\sum_{i=1}^{n}\{^{t}(X_{i}-\overline{X})S^{-1}(X_{i}-\overline{X})\}^{2}$ .
, $\overline{X},$ $S$ , .
$X_{1},$ $\cdots,$ $X_{n}$ $E_{p}(\mu, \Lambda)$ , 1









. , $S$ , Mardia[M70] $\Sigma$ (MLE)
$S \equiv\frac{1}{n}\sum_{i=1}^{n}(X_{i}-\overline{X})^{t}(X_{i}-\overline{X})$ , ,
Anderson[A93], Seo and Toyama[ST96] ,
$S$ $\Sigma$ , $S \equiv\frac{1}{n-1}\sum_{i=1}^{n}(X_{i}-\overline{X})^{t}(X_{i}-\overline{X})$
51
$\Sigma$ , $\Sigma=I_{p}$ , $S$ $\Sigma$
$T_{i}^{2}={}^{t}(X_{i}-X)$ (X $\overline{X}$) ,
$b_{m,p}= \frac{1}{n}\sum_{i=1}^{n}T_{i}^{2m}$











$X_{i}$ $V$ , $T=\sqrt{n}(\hat{\mathcal{K}}(m)-\mathcal{K}(m))$
$E(T)= \frac{1}{\sqrt{n}}\{-m(2\mathcal{K}_{(m)}-\mathcal{K}_{(m-1)}+1)\}+o(\frac{1}{\sqrt{n}})$ (2)
52
. , $\mathcal{K}(m)=0$ ,
$E(T)=- \frac{m}{\sqrt{n}}+o(\frac{1}{\sqrt{n}})$
. , $T^{4m}$. ,
.
2($T$ ). $\Sigma$ , K( ) (1)
. ,




, $\Sigma$ . , –X $S$



























, $V$ $M$ (joint probability
density function j.p.d.f) . , Wakaki[W94]
54
j.p.d.f . ,
$T–\psi$ ( $\hat{\mathcal{K}}$ ( ) $-\mathcal{K}(m)$ ) .
$E(T)= \frac{1}{\sqrt{n}}c+o(\frac{1}{\sqrt{n}})$ , (4)
,
$c=m(\mathcal{K}_{(m-\mathfrak{y}}+1)-m(p+2m)(\mathcal{K}_{(m+1)}+1)$
$+(3+mp+2m)(\kappa+1)$ (K( ) $+1$ ) $-(2m+1)(\mathcal{K}_{(m)}+1)$ .






















$T^{4m}$. $X_{i},$ $V,$ $M$ , $T_{i}^{2m}T_{j}^{2m}$ $X_{i},$ $X_{j},\tilde{V}$ ,
$\tilde{M}$ , .
3($T$ ). $\Sigma$ , $\mathcal{K}(m)$ (1)
. ,




$- \frac{2m(p+2m)}{p}(\mathcal{K}_{(m)}+\mathrm{D}$ (K( y+y




, $m=2$ , Seo and Toyama[ST96] $\hat{\kappa}$
. , , $\mathcal{K}(m)=0$ ,
Mardia[M70] .
4
3 , 6 $\mathcal{K}(3)$
, .
(a) $\omega=0.1$ , $\tau=3$ Contaminated normal .
$\mathcal{K}_{(m)}=\frac{1+\omega(\tau^{2m}-1)}{\{1+\omega(\tau^{2}-1)\}^{m}}-1$ ,
(b) .
(c) $\nu=13$ $t$ .
$\mathcal{K}_{(m)}=\frac{\langle\nu-2)^{m}}{2^{m}(\frac{\nu}{2}-m)_{m}}-1$ , $\nu>2m$ .
$m=3$ , 12 ,











1.78 11.65 61.58 1561.52
0 0 0 0
0.22 0.92 3.22 169.42
2, 3 . ,
$\Sigma=I_{p}$ , 10,000 $T$
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3: (4) $T$ ( $\Sigma$ ).
, 4, 5 . (a) (c)
, (b) - . , $\Sigma$ , (b)
(a), (c) , ( $n=50$) .
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, bias , $\tilde{\mathcal{K}}_{(m)}$ . $\Sigma$ ,









$\tilde{\mathcal{K}}_{(m)}$, bias , 6, 7, 8 . $\Sigma$ ,
, bias $\hat{\mathcal{K}}$ ( ) (6), (7)
$\tilde{\mathcal{K}}$
( )
. , $narrow\infty$ , MSE $\tilde{\mathcal{K}}_{(m)}$
59
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5
, -R , bias MSE
, $T$ ,
. , (3), (5) , K( )
61
, $\hat{\mathcal{K}}$ ( )
$\tilde{\mathcal{K}}$
( )
. , $S$ Mardia[M70] $\Sigma$ MLE
, , ,
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